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            Abstract
Despite advances in three-dimensional (3D) imaging, it remains challenging to profile all the cells within a large 3D tissue, including the morphology and organization of the many cell types present. Here, we introduce eight-color, multispectral, large-scale single-cell resolution 3D (mLSR-3D) imaging and image analysis software for the parallelized, deep learning–based segmentation of large numbers of single cells in tissues, called segmentation analysis by parallelization of 3D datasets (STAPL-3D). Applying the method to pediatric Wilms tumor, we extract molecular, spatial and morphological features of millions of cells and reconstruct the tumor’s spatio-phenotypic patterning. In situ population profiling and pseudotime ordering reveals a highly disorganized spatial pattern in Wilms tumor compared to healthy fetal kidney, yet cellular profiles closely resembling human fetal kidney cells could be observed. In addition, we identify previously unreported tumor-specific populations, uniquely characterized by their spatial embedding or morphological attributes. Our results demonstrate the use of combining mLSR-3D and STAPL-3D to generate a comprehensive cellular map of human tumors.
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                    Fig. 1: mLSR-3D imaging and STAPL-3D.[image: ]


Fig. 2: Spatio-phenotypic patterning of HFK and Wilms tumor reveals expanded, cycling, early epithelial compartment in Wilms tumor.[image: ]


Fig. 3: Comparative analysis reveals spindle-shaped SIX2+ cells in surrounding tumor stoma.[image: ]
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                Data availability

              
              Data are publicly available. Processed results (that is, cells × features matrices and clustering and pseudotime results) and imaging data are made available through public repositories for which the links are posted on the STAPL-3D GitHub page.

            

Code availability

              
              We provide the STAPL-3D framework as a Python package on github (https://github.com/RiosGroup/STAPL3D).
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